Mucociliary clearance of micro- and nanoparticles is independent of size, shape and charge--an ex vivo and in silico approach.
The fate of inhaled particles after deposition onto the pulmonary mucosa is far from being solved, in particular with respect to mucociliary clearance and mucus penetration. Due to the fact that these phenomena govern pulmonary residence time and thus bioavailability, they are highly relevant for any kind of controlled release formulation delivered via that route. This study applies ex vivo and in silico approaches to investigate the dependency of muciliary clearance of micro-, submicrometer and nanoparticles on size, shape, charge and surface chemistry of such particles. In addition, measurement of mucociliary clearance of different particles also provided information about their penetration into mucus. Surprisingly, no significant differences in mucociliary clearance could be found for any type of particle under investigation. As revealed by computational modeling, particle penetration into the mucus gel layer was negligible at least within the time frame allowed by horizontal mucus transport. These data suggest that the observed lack of difference in mucociliary clearance is caused by the lack of immediate penetration of deposited aerosol particles through the mucus blanket.